In the course of our continuing studies on the acid-catalyzed photoreaction of pyrimidine bases with aryl compounds, we reported that photolysis of 6-chloro-1,3-dimethyluracil (6-ClDMU) in benzene and monosubstituted benzene derivatives, in the presence of trifluoroacetic acid (TFA), yields 1,3-dimethylcyclooctapyrimidine-2,4-dione 2) and its derivatives, 3) presumably via ortho-cycloaddition. As an extension of this study, we further investigated the photoreaction with p-and m-xylenes. 4) We have found that two types of highly strained pentacyclic cage compounds, each of which involve a pyrimidine ring fused to either a tetracyclo[3.3.0.0 2, 4 .0 3, 6 ]octane system (2a, b), or a tetracyclo-[3.3.0.0 2, 4 .0 3, 7 ]octane system (3a, b), are produced (Chart 1). Interestingly both pentacyclic compounds bear an exomethylene group on their skeleton, suggesting that the methyl groups introduced onto the benzene ring are responsible for the formation of these unique skeletons. 5) Hence, our attention was focused on the photoreaction involving mesitylene.
In a previous paper, we reported that 1 h photolysis of 6-ClDMU in mesitylene, in the presence of TFA, produces a diazapentacyclo[6.4.0.0 1, 3 .0 2, 5 .0 4, 8 ]dodecane derivative (2c), together with two cyclooctapyrimidines (1c, d), as well as 9-methylenecyclooctapyrimidine (4), and cyclobutaquinazoline (5a) (Chart 2). 6) In addition, we clearly demonstrated the reaction pathway leading to the formation of compound 2c (Chart 3). 6) In contrast, the alternative pentacyclododecane derivative consisting of a [6.4.0.0 1, 3 .0 2, 6 .0 4, 8 ]dodecane system (3c) failed to form.
In the present paper, we describe our new findings that prolonged UV-irradiation (18 h) of 6-ClDMU and mesitylene, in the presence of TFA, yields the desired pentacyclododecane (3c) in addition to various cycloadducts, including the alternative pentacyclododecane (2c).
UV-irradiation of 6-ClDMU in mesitylene, in the presence of TFA, for 18 h resulted in a complex mixture of the 1 : 1 cycloadducts of 6-ClDMU and mesitylene. Separation by HPLC afforded the desired cycloadduct (3c), and the pentacyclododecane (2c), 9-methylcyclooctapyrimidine (1c), 10-methyl isomer (1d), 9-methylenecyclooctapyrimidine (4), cyclobutaquinazolines (5a, b), tetracyclododecane (7), together with three pentalenopyrimidine derivatives, cyclopropa[3a,4]-pentaleno[2,1-d]pyrimidine (6), chloromethylpentalenopyrimidine (8) , and 6,7-dihydropentalenopyrimidine (9) (Chart 4).
The structure of 2c 6) was determined by comparing its 1 H-NMR spectra with those of 2a 4) and 2b, 4) as shown in Table  1 . The nuclear Overhauser effect (NOE) experiment supported the structure assigned to 2c (Fig. 1) . The structure of 3c was determined by comparing its 1 H-NMR spectra with those of 3a 4) and 3b, 4) as summarized in Table 2 . The NOE experiment supported the structure assigned to 3c (Fig. 1) .
The 1 H-NMR (C 6 D 6 ) spectrum of 5a 6) showed signals due to C6-exo-methylene protons at d 4.67 and 4.82. Signals ascribable to C5 geminal protons appeared as doublets (Jϭ20.0 Hz) at d 2.45 and 2.53 ppm. Signals due to a C6a-methyne proton and a C8 vinyl proton were observed at d 2.64 (1H, br s, H-2a), and 6.44 (br s) ppm, respectively. The NOE experiments supported the structure assigned to 5a (Fig. 2) .
Hydrochlorinated cyclobutaquinazoline (5b) was formulated as C 15 H 19 N 2 O 2 Cl on the basis of HRMS. The 1 H-NMR (C 6 D 6 ) spectrum showed three singlet signals due to N2-CH 3 , N4-CH 3 , and C6a-CH 3 at d 3.24, 2.84, and 1.11 ppm, respectively. A doublet peak due to C5-CH 3 appeared at d 0.50 ppm with coupling with H-5 (d 2.76 ppm, Jϭ7. 3 Hz) . A signal due to C8-CH 3 appeared at d 2.05 ppm with long range couplings with H-8a and H-7. A broad singlet peak ascribable to H-8a appeared at d 3.36 ppm and a peak ascribed to H-7 was at d 5.91 ppm. Relative stereochemistry between H-6/H-5 and C6-Cl/C6a-CH 3 was determined to be trans on the basis of the significant NOE enhancements (ca. 5%) from H-6 to C5-CH 3 and C6a-CH 3 (Fig. 2) .
Cyclopropapentalenopyrimidine (6) 3 , from C2-CH 3 to H-3, from H-3 to C3a-CH 3 , from C3a-CH 3 to Hb-1, and from Hb-1 to Ha-1 elucidated the structure assigned to 6 (Fig. 3) . The HMBC spectrum confirmed the structural assignment ( 3 Hz, H-11b), respectively. A signal due to the methyne proton at C9 was observed at d 3.03 (1H, br s, H-9). Photolysis of 2c in the presence of TFA resulted in cleavage of the C2-C3 bond to give 7 (Chart 5), supporting the structure assigned to 7.
The structure of the second dominant cycloadduct (8) was determined via single-crystal X-ray diffraction (Fig. 4 ) (Tables 4 and 5). The 1 H-NMR spectrum (acetone-d 6 ) of 8 showed peaks due to four methyl groups (C2-CH 3 , C5-CH 3 , N12-CH 3 , N9-CH 3 ) at d 1.36, 1.66, 3.18, and 3.31, in addition to a peak at d 5.28 representing one vinyl proton, and three pairs of signals which can be attributed to C3, C6, and C7 methylene protons. These findings support the structure assigned to 8.
The structure of 9 was deduced on the basis of MS and 1 H-NMR (CDCl 3 ) spectroscopy. NOEs were observed for H-7, C7-CH 3 , and N1-CH 3 upon irradiation at C8-CH 3 . The 1 H-NMR (CDCl 3 ) spectrum showed a doublet peak due to C7-CH 3 (d 1.27, Jϭ7.1 Hz), and a signal at d 3.15 due to H-7 coupled with C7-CH 3 and H-6, with coupling constants of Jϭ7.1 and 5.5 Hz. There were also peaks due to geminal C6 protons at d 2.55 (br d, Jϭ19.5 Hz) and d 3.28 (br dd, Jϭ19.5, 5.5 Hz).
Thus, the present photoreaction furnished various novel cycloadducts which can be classified into two groups: the cyclobutaquinazolines (2c, 5a, b), or the pentalenopyrimidines (3c, 8, 9). The reaction mechanism governing the formation of 7 is clearly demonstrated in this paper (Chart 5), however, the reaction mechanism governing the formation of 5b remains unclear. Among the pentalenopyrimidine derivatives (3c, 8, 9), the second most dominant (8) might result from attack on the cyclopropane moiety of 6 by hydrogen chloride generated dur- ing the photoreaction. This supposition is consistent with our previous finding 6) that 6 is the major product in a sequence of photorearrangements initiated from 1c (see Chart 3).
Two other pentalenopyrimidines (3c, 9) were produced in the present reaction. The production of these compounds coincides with our previous finding that certain pentalenopyrimidines are preferentially produced by short time photolysis of 6-ClDMU in benzene at low temperature (Ϫ25°C). 8) However, it should be noted that compounds 3c and 9 were synthesized under contrasting conditions, namely a prolonged irradiation period at an elevated temperature (20-30°C). These facts suggest that a different type of reaction mechanism may be involved in the formation of 3c and 9.
At present, further work on the reaction mechanisms underlying the products formed from this photoreaction is being done.
Experimental
All melting points are uncorrected. NMR spectra were measured with a JEOL JNM-EX400 (400 MHz) spectrometer, and 
C (7) 1.504 (3) C (6) C (10) 1.588 (3) C (6) C (13) 1.521 (3) C (7) C (8) 1.324 (3) C (8) C (9) 1.488 (3) C (8) C (14) 1.498 (3) C (9) C (10) (5) C (6) C (10) 106.5 (1) C (5) C (6) C (13) 111.1 (2) C (7) C (6) C (10) 101.7 (1) C (7) C (6) C (13) 111.5 (2) C (10) C (6) C (13) 113.3 (2) C (6) C (7) C (8) 113.7 (2) C (7) C (8) C (9) 111.7 (2) C (7) C (8) C (14) 126.5 (2) C (9) C (8) C (14) 121.8 (2) C (8) C (9) C (10) 104.8 (2) C (1) C ( (1) C (13) C (6) 111.0 (1) were performed on a JEOL JMS-DX303 spectrometer with an ionization potential of 70 eV. Short-column chromatography was performed on Kieselgel Si-60 (Merck). Reverse-phase liquid chromatography (RP-HPLC) was carried out on a Shim-pac PREP-ODS (25 cmϫ20 mm i.d.) (Shimadzu) with aqueous methanol, using a Shimadzu LC-6A apparatus with monitoring at 254 nm. Silica gel LC (Si-HPLC) was conducted on a Shim-pac PREP-Sil (H) (25 cmϫ20 mm i.d.) (silica gel), using the same apparatus. UV-irradiation was carried out externally using a 500 W high-pressure mercury (h.p.Hg) lamp (Eiko-sha) in a degassed Pyrex tube (Ͼ300 nm) on a merrygo-round apparatus at room temperature. Photolysis of 6-ClDMU and Mesitylene in the Presence of TFA A solution of 6-ClDMU (122.2 mg, 0.7 mmol) and TFA (2 eq mol: 108 ml) in mesitylene (35 ml) was put portion-wise (5 ml each) into seven degassed Pyrex tubes, and irradiated externally for 18 h. The reaction mixture was evaporated in vacuo. The residual oil was passed through a short column of silica gel (5 g) first with hexane and then with ethyl acetate. The ethyl acetate-eluate was submitted to RP-LC with 35% and 60% methanol-H 2 O. From the 35%-aqueous methanol solution, 6-ClDMU (61.9 mg, 50.7%) was recovered. After Si-HPLC with ethyl acetate-hexane (1 : 3), 60% methanol-H 2 O eluate afforded 3c (1.7 mg, 1.0%), 1b (16.5 mg, 9.1%), and 6 (4.0 mg, 2.2%), 2c (2.95 mg, 1.6%), 7 (2.1 mg, 1.1%), 4 (1.4 mg, 0.8%), 5a (1.6 mg, 0.9%), 9 (2.0 mg, 1.1%), 8 (5.9 mg, 2.9%), and 5b (1.8 mg, 0.9%).
1,3,5,7,9-Pentamethylcyclooctapyrimidine-2,4-dione (1c): Colorless crystals, mp 113-114°C (recrystallized from 2-propanol). C-NMR, see Table 1 . HMBC: C2-CH 3 with C1, C2, C3, C5; H-3 with C1, C4, C4-CH 3 , C5, C6, C7, C12; C4-CH 3 with C3, C4, C5, C8; H-5 with C1, C2, C2-CH 3 , C3, C4, C4-CH 3 ; exo-methylene protons (C6ϭCHa, C6ϭCHb) with C5, C7; Ha-7 with C1, C4, C6, C6ϭ CH 2 , C8; Hb-7 with C1, C4, C5, C6, C6ϭCH 2 , C8; N9-CH 3 with C8, C10; N11-CH 3 with C10, C12. NOE: C2-CH 3 with H-3, H-5; H-3 with C2-CH 3 , C4-CH 3 ; C4-CH 3 , with H-3, H-5, N9-CH 3 ; H-5 with C2-CH 3 , C4-CH 3 , C6ϭCHb; C6ϭCHa with H-5, C6ϭCHb; C6ϭCHb with H-5, C6ϭCHa; Ha,b-7; Ha-7 with C6ϭCHb, Hb-7, N9-CH 3 , Hb-7 with C6ϭCHb, Ha-7, N9-CH 3 , N9-CH 3 with C4-CH 3 
